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Tillage and Low-Pressure Center-Pivot Irrigation Effects on Corn Yield1 
W. W. Wilhelm, L. N. Mielke, and J. R. Gilley2 
ABSTRACT reduce the amount of water used, resulting in savings 
Low-pressure sprinkler irrigation systems have the potential to of both water and energy. 
save energy, but also may aggravate soil- and water-management Center-pivot systems with high pressure nozzles re- 
problems. The objective of this research was to determine the influ- quire relatively large amounts of energy to develop 
ence of center-pivot sprinkler irrigation method in combination with 41 0- to 590-kPa pressure required for proper sprinkler 
various tillage practices on corn (Zea mays L.) yield and yield com- Operation and uniform water distribution throughout ponents. A center-pivot irrigation machine was redesigned to apply 
water by high-pressure-impact (HPI), low-pressure-impact (LPI), the length the system. A significant savings in energy 
and low-pressure-spray (LPS) nozzles. Nozzles were sized and spaced would result with lower pressure requirements (Gilley 
to apply three dilTerent amounts of water: 100% (full irrigation), 75 and Mielke, 1980). 
and 50%. Three tillage treatments were used-till-plant (T), disk Center-pivot manufacturers offer reduced-pressure 
(D), and till-plant with chisel after last cultivation (C)-for each systems (1 40 to 2 10 kpa) that use either low-pressure- 
method and amount of water applied. The field study was conducted impact sprinklers or spray nozzles for distribution of 
over a Cyear period (1978 to 1981) on a Sharpsburg silty clay loam 
( h e ,  montmorillonitic, mesic Typic Argiudolls). Yields were influ- the water. There are types 'pray 
enced by the seasonal distribution and amount of precipitation, ir- available for use on center-pivot systems; however, 
rigation water applied, tillage, and the combined management inputs. these reduced-pressure systems have the disadvantage 
The method of water application (HPI, LPI, and LPS nozzles) did of increased water application rates or application in- 
not significantly (P > 0.10) influence grain yield. In 1979, the chisel tensities. The high rate of water application increases 
tillage treatment produced significantly less grain than other treat- the potential runoffofwater applied.  hi^ may restrict 
ments because severe root pruning limited stored water uptake during 
an extremely stressful period immediately following the chisel op- their use to certain topography, soil types, or tillage- 
eration. No inherent dzerences in productivity were associated with and crop-management systems. Depending on slope 
low-pressure center-pivot-sprinkler irrigation, or with various con- and type of soil, runoff water may cause soil erosion 
senation-tillage practices used in combination with reduced-pres- and increase soil loss. 
sure-sprinkler irrigation. Therefore, use of these practices can reduce There is need to develop and use tillage systems production costs without reducing yield. compatible with irrigated agriculture that maintain 
Additional index ~~ords: Zea mays L., Reduced tillage, Conserva- plant residues on the soil surface, thus providing soil 
tion tillage. erosion protection (Mannering and Meyer, 1963), re- 
ducing evaporation losses (Bond and Willis, 1969; Greb 
T w o  of the most important problems facing ground- et al., 1967), increasing surface water-holding capacity water-supplied, irrigated agriculture are energy (McCalla and Army, 196 l), and increasing infiltration 
consumption and limited water supplies. In Nebraska, of water into soil (Mielke et al., 1984). By using re- 
over 40% of the energy consumed by irrigated agri- duced-tillage systems, fewer energy-intensive tillage 
culture is used in pumping water from wells (Gilley operations are used, and soil, water, and energy are 
and Watts, 1977). In addition, water shortages are be- conserved. The purpose of this experiment was to 
coming commonplace, and limited water supplies are compare effects of tillage and type of sprinkler used 
a reality in many areas of the USA. to apply water with a center-pivot system on corn (Zea 
Much of the future irrigation development in the mays L.) yield. 
USA will occur on lands not suited to surface (furrow) 
irrigation methods. Sprinkler irrigation, probably in MATERIALS AND METHODS 
the form of center-pivot systems, will be the primary A 54-ha center-pivot system located at the Univ. of Ne- 
used in most future irrigation development. braska-Lincoln field laboratory near Mead, NE, was Center-pivot systems have the capability of applying fied to include each of the following: (i) a high-pressure- 
controlled amounts of water within relatively short impact-nozzle (HPI, conventional) system, (ii) a low-pres- 
periods of time. Therefore, operators of center-pivot sure-impact-nozzle (LPI) system, and (iii) a low-pressure- 
systems can utilize more of the irrigation-scheduling spray-nozzle (LPS) system. The pressure at the end of the 
procedures than irrigators using surface methods (Kin- line for the HPI system was approximately 410 kPa, cor- 
caid et al., 1969). Irrigation-scheduling practices can responding to a pivot pressure of about 480 k ~ a ,  which is 
typical of a conventional center pivot. The pressure at the 
' Contribution from ARS-USDA, in cooperation with the Ne- end of the line for the LpI and LpS systems was about 140 braska Agric. EXP. Stn. Published as Paper no. 7483, Journal Series, kpa, co,,.esponding to a pivot pressure of 2 10 kpa. ~h~ noz- Nebraska Agric. Exp. Stn. 
The work upon which this publication is based was supported in zle system and pressure were automatically changed at spe- 
part by funds provided by the U.S. Dep. of Energy, Grant no. EM- cific locations in the field by electric and hydraulic apparatus 
78-G-01-5125; the Office of Water Research and Technology (Project on the center-pivot machine (Gilley et al., 1983), which re- 
No. B-048-NEB), U.S. Dep. of the Interior, Washington, D.C., as sulted in ' '~i~-~haped'' experimental units (Fig. 1). 
authorized by the Water Research and Development Act of 1978; Amount of water applied during any given irrigation was LeDio~t Land Co., Omaha, NE; Valmont Industries, Valley, NE; 
a function of location along the pivot lateral. Sprinklers and and the Rain Bird Corp., Glendora, CA. 
Contents of this publication do not necessarily reflect views and spray nozzles toward the outer end of the machine, circular 
policies of the above organizations, nor does mention of trade names area I in Fig. 1, were sized to supply a discharge rate (0.90 
Or commercial products constitute their endorsement or recom- L s-lha-1) that would meet the crop evapotranspiration re- 
mendation for use by the Univ. of Nebraska-Lincoln or the U.S. quirements for eastern ~ ~ b ~ ~ ~ k ~ .  ~h  procedure of H ~ ~ ~ -  Government. Received 17 May 1984. Published in Agron. J. 77:258- 
mann et al. (1974) was used to select this discharge require- 263. 
2 Plant physiologist and soil scientist, ARS-USDA, and professor, ment. Circular area I is designated as 100%. The sprinklers 
Agricultural Engineering Dep., Univ. of Nebraska-Lincoln. and spray nozzles within circular area 11 in Fig. 1 were sized 
258 
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to supply 75% of the depth applied in area I (0.68 L s-' ha-') 
and is designated 75%. For circular area 111, designated the 
50% treatment, the sprinklers were sized to supply 0.45 L 
s-I ha-'. For a given circular area, I11 for example, the sys- 
tem was designed to apply the same depth of water under 
all three methods of applications: HPI, LPI, and LPS. Of 
course, depth of water applied per imgation was dependent 
on speed of rotation of the machine. As speed of rotation 
increased, depth of water applied decreased. Additional de- 
tails of the center-pivot design and operational characteris- 
tics were discussed by Gilley et al. (1983). 
IRRIGATE, the imgation scheduling model developed by 
Tscheshke et al. (1978) using a soil water balance was em- 
ployed to determine imgation dates for the system. The sys- 
tem was managed to maintain relatively small water deple- 
tion in area I (Fig. I). All areas (I, 11, and 111) were irrigated 
at the same time. 
Amount of irrigation water applied at each imgation was 
measured with rain gauges within each irrigation method 
and amount treatment combination. Because of the varia- 
tion in application associated with wind and system rotation, 
the gauges were constructed with 0.0 15- X 1.520-m openings. 
They were supported above the corn canopy at a slight angle 
from the horizontal to allow rapid drainage into a collection 
vessel with a small opening to reduce evaporation. Gauges 
were positioned on radii of the center pivot. 
DRYLAND 
Fig. 1. Physical arrangement of irrigation method (high-pressure impact, low-pressure impact, and low-pressure spray), irrigation amount (I 
= 1001, I1 = 75%, and I11 = SO%), and tillage (T = till plant, D = disk, and C = chisel) treatments. 
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Table 1. Precipitation summary for 1978 through 1981 at Univ. of Nebraska-Lincoln Field Laboratory, Mead, NE. 
1978 1979 1980 1981 
Deviation Deviation Deviation Deviation 
Month Rainfall7 from normal$ Rainfallt from normal$ Rainfallt from normal$ Rainfall7 from normal$ 
May 88 - 10 77 
June 88 - 43 62 
July 101 +13 72 
August 41 -51 69 
September 139 +61 19 
Total 457 - 30 299 
t NOAA, Mead Agronomy Lab, 6 km east of field site. 
$ Calculated from the normal for NOAA East District for year preceding 1976. 
The experiment was conducted over a 4-year period (1978 
to 1981) on a Sharpsburg silty clay loam (fine, montmoril- 
lonitic, mesic Typic Argiudolls). The three tillage systems 
were: shred stalks in the spring, plant, and cultivate (till- 
plant - T); tandem disk twice, plant, and cultivate (disk - 
D); and shred stalks in the spring, plant, cultivate, and chisel 
(chisel - C). Corn was planted on all plots with a six-row till 
planter equipped to meet Nebraska till-plant criteria (Witt- 
muss et al., 1971) with 0.76-m rows in 1978 and 0.91-m rows 
in 1979 to 1981. For the C treatment, a five-shank chisel 
(Sub-Mulcher, B-C Mfg. C0.l) was used to open a 25-mm 
wide slot in the soil to a depth of 350 mm on the center of 
each interrow after the last cultivation (corn in the six- to 
eight-leaf stage). A 457-mm-diam straight coulter mounted 
in line with each shank cut through plant residues that re- 
mained between the rows. Tillage plots were 22 m wide (24 
rows) by 23 m long. 
In 1978 and 198 1, a late-season corn hybrid, 'Prairie Val- 
ley 76S1, was planted at 53 900 and 64 200 kernelslha, re- 
spectively. In 1979 and 1980, 'B73xMo17' was planted at 74 
100 and 64 100 kernelslha, respectively. All treatments were 
planted within 3 days during each year of the study. Starter 
fertilizer was banded at 5.6 and 10.6 kg/ha N and P, re- 
spectively. The corn was sidedressed at the six-leaf stage 
with 170 kg N/ha as a 28% N (w/w) solution. Required her- 
bicides and insecticides were applied at labeled rates uni- 
formly across treatments. 
The experimental design was a randomized, complete block 
with a split-split-plot arrangement of treatments in three rep- 
lications. Whole-plot treatments were method of water ap- 
plication (HPI, LPI, and LPS); subplot treatments were 
amount of water applied (100,75, and 50%); and sub-subplot 
treatments were tillage (D, C, and T). Water-application 
method treatments were randomized within blocks and til- 
lage treatments within subplots. However, because of the 
physical contraints of the center-pivot system, randomiza- 
tion was not possible for the subplot treatments (amount of 
water applied), which limited the statistical support given 
the conclusions about the effect of the amount of water ap- 
plied (Hanks et al., 1980). 
After physiological maturity, two sets of adjacent row seg- 
ments 7.62 m in length were identified. Number of plants 
and ears were recorded for each of the four-row segments. 
Ears were hand-harvested and grain removed with a tractor- 
powered sheller. Total grain weight was recorded and sub- 
sampled for water content and seed weight determination. 
Earslplant and kernelslear were calculated. Means of grain 
yield (adjusted to 15.5% water) and yield components for 
the four-row segments were analyzed by standard analysis 
of variance (ANOVA) procedures. 
RESULTS AND DISCUSSION 
During 1978, precipitation and temperature were 
below normal and greatly delayed planting. Precipi- 
tation in June and July was slightly below normal and 
Table 2. Irrigation water applied for 1978 through 1981 at Univ. 
of Nebraska-Lincoln Field Laboratory, Mead, NE. 
Area I Area I1 Area 111 
Year and Date (100% ET) (75% ET) (50% ET) 
- 
1978 
- 
10-11 July 
27-31 July 
5-11 August 
17-22 August 
24 August? 
Total$ 
1979 
- 
28 July-3 August 
3-10 August 
11-24 August 
24 August-20 September 
Total 
1980 
- 
28 June-3 July 
7-15 July 
17-22 July 
28 July-2 August 
7-14 August 
Total 
1981 
- 
2-7 July 
9-14 July 
23-28 July 
19-31 August 
Total 
7 Partial irrigation on one-half of field. 
$ Used onehalf of total irrigation for 24 August. 
greatly below normal in August (Table 1); however, 
plant water stress symptoms did not appear in the 50% 
treatment either on infrared aerial photographs or by 
visual inspection of the field. September was wetter 
than usual. The crop used some of the September pre- 
cipitation because of the late date of maturity resulting 
from the late planting date. Imgation water require- 
ments during 1978 were relatively low due to the ET 
pattern. The 1978 fertilizer N was applied with a uni- 
form 20-mm irrigation (nozzles changed to give equal 
water application) on 10 and 1 1  July over all treat- 
ments. All other irrigations were applied according to 
treatment specifications (Table 2). Measured total water 
application for the 1978 irrigation season was 100, 7 1 ,  
and 46% for the 100, 75, and 50% treatments, respec- 
tively. 
The 1979 growing season was extremely dry. The 
months of May through September had below-normal 
rainfall totaling only 299 mm compared to normal 
precipitation of 487 mm. Although below normal, the 
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Table 3. Mean yield components and yield of corn grown under three methods of water application and three tillage practices from 1978 
through 1981 near Mead. NE. 
Tillage 
Till plant Chisel Disk 
Method of application? 
Year 
1978 
1979 
1980 
1981 
x 
1978 
1979 
1980 
1981 
x 
1978 
1979 
1980 
1981 
X 
1978 
1979 
1980 
1981 
x 
1978 
1979 
1980 
1981 
x 
HPI 
6.73 
5.72 
5.64 
5.78 
5.97 
0.94 
0.88 
0.88 
0.96 
0.92 
646 
656 
552 
669 
631 
266 
269 
263 
242 
260 
10.62 
8.71 
7.06 
8.90 
8.82 
LPI 
6.10 
5.20 
5.40 
5.71 
5.60 
0.93 
0.84 
0.92 
0.95 
0.91 
638 
676 
549 
716 
645 
279 
271 
257 
231 
260 
9.88 
7.83 
6.89 
8.85 
8.36 
LPS - X HPI LPI LPS - X 
Population (plantslmx) 
6.99 6.02 5.99 6.34 
5.56 6.71 5.80 6.02 
5.72 5.89 5.57 5.73 
5.61 5.88 5.65 5.71 
5.97 6.13 5.75 5.95 
Earslplant 
0.95 0.94 0.94 0.94 
0.87 0.75 0.80 0.81 
0.91 0.92 0.90 0.91 
0.96 0.93 0.95 0.95 
0.92 0.89 0.90 0.90 
Kernelslear 
602 638 676 639 
674 551 618 614 
526 517 517 520 
628 666 692 662 
608 593 626 609 
Seed weight (mglkernel) 
276 286 274 
263 257 265 
260 251 252 
236 224 231 
259 254 256 
Yield (Mglha) 
10.56 10.12 10.25 
8.53 7.40 7.62 
7.08 6.88 6.52 
7.98 8.10 8.47 
8.54 8.13 8.22 
HPI 
8.28 
6.11 
5.78 
5.65 
6.46 
0.88 
0.89 
0.88 
0.94 
0.90 
559 
645 
533 
667 
60 1 
264 
267 
259 
240 
258 
9.94 
8.79 
7.03 
8.43 
8.55 
LPI 
7.30 
6.22 
5.96 
5.96 
6.36 
0.87 
0.87 
0.90 
0.93 
0.89 
591 
587 
503 
649 
582 
276 
263 
256 
232 
257 
9.89 
8.29 
6.81 
8.29 
8.32 
LPS - X 
t HPI = High pressure impact, LPI = Low pressure impact; LPS = Low pressure spray. 
precipitation distribution throughout the season was 
excellent, which resulted in less total irrigation water 
required than in 1978. Irrigation amounts in the 75 
and 50% treatment were 73 and 47% of the 100% treat- 
ment, respectively. 
During 1980, average temperature for June through 
September was greater than 1 "C above normal. This 
season was also dry, with precipitation being 129 mm 
below normal for the months of May through Septem- 
ber. Seasonal irrigation was highest during 1980, re- 
flecting the greater evaporative demand caused by the 
combination of high temperature and low rainfall. 
Mean air temperatures in 1981 were near normal 
for July and September, below normal in May and 
August, and above normal in June. Rainfall for the 
season was near normal; however, it was substantially 
below normal in June and above normal in August. 
Imaation water a~~ l i ca t i on  reflected the rainfall Dat- 
Table 4. Analysis of variance table with mean squares for yield 
and yield components of corn grown under three methods and 
amounts of water application and three tillage practices from 
1978 to  1981 near Mead. NE. 
Mean sauares 
Degree Ears1 Kernel/ 
of free Popula- plant ear Seed 
Sources dom tion x lo-' x 10' weight Yield 
Blocks 
Method (M) 
Error a 
Amount (A) 
A x M  
Error b 
Tillage (T) 
T x M  
T x A 
T x A x M  
Error c 
terc with most ifathe irrigation applied during july Years(Y) 3 28.30t 13.01t 311.35t 21 605t 161.59t 
and very little during August, normally a high irriga- 6 1.91 0.93 11.29 763.' 1.87 6 0.32 0.76 57.027 180 12.91t tion month. Y X T  6 5.50** 2.10** 9.32 527' 2.17 
Yields and yield components for 1978 to 1981 are Residual$ 60 0.85 0.48 5.14 86 1.23 
 resented in Table 3 for treatment combinations of Errord 162 0.47 7.73 205 1.70 
iillage and imgation method. Results of ANOVA (TA- Total 323 1.53 0.69 11.69 412 3.59 
ble 4) indicate method of water application (HPI, LPI, *,** Mean squares significant at P < 0.05 and 0.01, respectively. 
or LPS) did not significantly (P > 0.10) influence grain t Mean squares significant at P < 0.001. 
yield during the study. Grain yields, over the duration $Test of significance not valid because treatments were not random- 
of the experiment, averaged 8.97, 8.51, and 7.96 Mg/ ized. $ Residual includes all three and four-way interactions involving the 
ha for the 100, 75, and 50% treatments, respectively. year main effect. None of these were significantly different. 
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The small yield differences over the irrigation amount 
treatments were due to i) system management to main- 
tain small soil water depletion in the 100% area with 
frequent irrigations, ii) relatively high soil water-hold- 
ing capacity, and iii) substantial precipitation during 
critical portions of the growing season (Table I). The 
combination of these factors resulted in relatively small 
reductions in crop evapotranspiration and thus yield. 
The two-way interaction of method by amount was 
significant during 1978 and 1979, when grain yield was 
least with the 75% application for the LPS method, 
while yields were not significantly different for the 75 
and 100% amounts for the HPI and LPI methods of 
application. The tillage effect was significant (P < 0.05) 
for yield, with T treatment producing more grain than 
the C treatment (8.66 and 8.29 Mg/ha, respectively). 
With irrigation in eastern Nebraska, effects of differ- 
ences in conservation of soil water among tillage treat- 
ments are unlikely to be reflected in crop yield. The 
tillage treatments were selected to maximize infiltra- 
tion of irrigation water, thereby decreasing runoff, 
rather than to conserve soil water by evaporation dur- 
ing the nongrowing season. 
The C tillage treatment significantly reduced yields 
in 1979, producing 89% of the mean yield, while the 
D and T treatments produced 103 and 104% of the 
mean yield, respectively (Table 3). This resulted from 
greater water stress on the plants immediately follow- 
ing the chisel operation. As used in this study (after 
cultivation), chiseling severely pruned plant roots, ef- 
fectively isolating each row of plants into a block of 
soil 0.91 m wide and to a depth of 0.35 m. Any roots 
extending beyond these dimensions were severed, lim- 
iting immediate water uptake capabilities. DeBoer and 
Beck (1 982) also reported inconsistent yield responses 
to chisel treatments applied at the six- to eight-leaf 
stage. In paired-plots in farmer-operated, sprinkler-ir- 
rigated fields, a 2-year average yield increase of 0.8 
Mg/ha was reported for the C treatment; however, in 
a more controlled experiment, no difference was found 
between chisel and nonchisel treatments. In our ex- 
periment, a significant tillage effect was noted during 
198 1, in which the T treatment produced 105% of the 
average grain yield, while the C and D treatments pro- 
duced 97 and 98%, respectively (Table 3). A significant 
tillage-x-amount interaction existed in 1978. The C 
treatment produced equal yields at all levels of irri- 
gation, while the D and T treatments produced greater 
yields with greater irrigation. 
The lack of grain yield response due to method of 
water application was supported by data on yield com- 
ponents. None of the yield components measured- 
plant population at harvest, ears per plant, kernels per 
ear, or seed weight-displayed a significant reponse to 
method of water application. These results strongly 
support the conclusion that none of the nozzle systems 
investigated have an inherent advantage or disadvan- 
tage in terms of corn grain production capability. 
Similarly, the significant effect of tillage on grain 
yield was confirmed by corresponding differences in 
yield components. Significantly more plants were pres- 
ent in D than T or C treatments (Table 3). During 
1979, significantly more plants survived until harvest 
in D compared to the T treatment. The higher plant 
population in the D treatment may have been asso- 
ciated with greater numbers of volunteer plants sur- 
viving because seedbed conditions in the D treatment 
were more conducive to volunteer plant survival than 
in T and C treatments. When plant population was 
used as a covariant, the three-way interaction (tillage 
X method X amount) for grain yield in 1979 was no 
longer significant, suggesting that differences in grain 
yield were directly related to differences in plant stand. 
Number of ears produced per plant (Table 3) showed 
a significant year-x-tillage response (Table 4). During 
1979, fewer ears were produced per plant with the C 
treatment than with D or T treatments. This was a 
logical result of the higher plant population with the 
C treatment that year. Fewer ears per plant were pro- 
duced with the D treatment than with the T or C treat- 
ment during 1981; however, the magnitude of the dif- 
ferences was not great and probably of little practical 
importance. 
For the experiment, the average number of kernels 
per ear was just over 600 (Table 3). Irrigation method 
and amount-x-method interaction effects were not sig- 
nificant (Table 4). Tillage effect was significant in all 
years except 1980, which was the most stressful year 
for corn production. Below-normal rainfall (Table 1) 
and high number of hot days (maximum air temper- 
ature 2 35OC during 47 days from June through Sep- 
tember) resulted in lower yields and a reduced number 
of kernels per ear. Coefficient of variation for these 
data in 1980 (45%) was four to six times the coefficient 
for the other 3 years. Stress conditions during the 1980 
growing season resulted in greater variation and less 
precision in detection of treatment differences. Over 
the entire experiment, more kernels per ear were pro- 
duced with T (628) than with the other treatments 
(598). This may have been a compensating response 
of the corn to the somewhat lower plant population 
for the T treatment. A significant tillage-x-amount in- 
teraction also occurred. 
Although the overall analysis showed no significant 
response of seed weight to method of irrigation, in- 
dividual year analysis (analysis not shown) indicated 
a significant response to irrigation method during 1981. 
The HPI treatment resulted in larger seeds (240 mg/ 
seed) than the LPS treatment (232 mglseed). The til- 
lage effect for seed weight was also significant during 
1978, 1979, and 198 1. During these years, T treatment 
resulted in slightly greater seed weight (260 mg/seed) 
than C (257 mglseed) or D (256 mg/seed) treatments. 
Again, this may reflect the lower plant population with 
T treatment. Alternatively, greater water conservation 
would be expected with till planting and may have 
resulted in larger seeds with that treatment. Visual 
inspection of seed weights over the three amounts of 
water applied would tend to suggest that, with addi- 
tional available water, seed size increased. 
The year effect was significant for all measured pa- 
rameters and was not unexpected. Only seed weight 
was significantly affected by the year-by-method in- 
teraction. The significant year-by-amount and year-by- 
tillage effects on several parameters were logical, con- 
sidering the variation in amount and timing of rainfall 
and the influence the C treatment had on plants, es- 
pecially during 1979. None of the three-and four-way 
interactions with years was significant and was there- 
fore pooled and reported as residual in Table 5. 
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The use of low-pressure irrigation machines will in- 
crease with future developments in irrigated agricul- 
ture. Lowering nozzle pressure increases peak appli- 
cation intensity because a smaller land area is covered. 
Soil-management methods are needed to increase soil 
water infiltration or provide temporary surface storage 
of water for the successful use of low-pressure nozzles 
on some soils. Corn grain yield was not influenced by 
method of applying water. Tillage methods may influ- 
ence yield if not applied at the proper time (e.g., 1979 
C treatment decreased yield). The use of low-pressure- 
sprinkler irrigation systems on lands that are not sub- 
ject to runoff problems, or in combination with soil- 
management and tillage practices, which reduce po- 
tential for runoff, can reduce production costs and save 
energy. 
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